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THE MECHANISMS OF THROMBIN FORMATION
S.  B r l gu in ,  p .p .  Dev i l de ,  H .C .  Hemker
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T h r o m b i n  i s  t h e  p i v o t a l  e n z y n e  o f  h a e m o s t a s i s  a n d
th rombos i s .  r t  ca ta l yzes  many  impor tan t  reac t i ons  i n  t hese
p rocesses  anong  wh ich  coagu la t i on  i n  t he  s t r i c t  sense  o f  t he
word ,  i . e .  t he  enzymat i c  conve rs ion  o f  f i b r i nogen  i n  f i b r i n
by thronbin.  The fornat ion of  thronbin in  the brood resul ts
f rom a  compr i ca ted  se r i es  o f  chen i ca r  and  phys i ca l  i n te r -
ac t i ons ;  i t s  subsequen t  i - nac t i va t i on  a rso .  rn  v i vo  t hese
oppos i t e  mechan i sms  (  ac t i va t i on - i nac t i va t i on  )  a re  t uned  l : iD
p rec i se l y  t ha t  t he  b lood  rema ins  f r u id  i n  t he  vesse rs  bu t
any  l eak  i s  p romp t l y  mended .  When  th i s  equ i l i b r i u rn  i s  d i s_
rup ted  e i t he r  b leed ing  o r  t h ronbos i s  w i l l  ensue .
Because of  the enormous progress in  modern coagurat ion
b iochemis t r y ,  r esu l t i ng  i n  t he  i so la t i on  and  pu r i f i ca t i on  o f
t h e  p r o t e i n s  o f  c o a g u r a t i o n  a n d  d e t a i . r e d  e n z y m o r o g i c a r
s tud ies  on  the i r  i n te rac t i ons ,  i t  i s  r ead i r y  poss ib le  a t
t h i s  momen t  t o  g i ve  a  p laus ib re  schene  o f  t he  b iochemica r
reac t i ons  wh i ch  con t r i bu te  t o  t he  f o rma t i on  and  to  t he
d i sappea rance  o f  t h romb in .  Espec ia r l y  i n  t he  l as t  t en  yea rs ,
k i n e t i c  s t u d i e s  o f  i s o l a t e d  s t e p s  o f  t h e  c o a g u r a t i o n
m e c h a n i s m  r e v e a l e d  m a n y  d e t a i l s  o f  t h e  b i o c h e m i c a l
mechan i s rns  i nvo rved .  The re  i s  a  consensus  on  the  ex i s tence
o f  two  pa thways  tha t  exp ra in  t he  mechan i sm o f  t he  coagu ra -
t i o n  o f  b l o o d :  t h e  i n t r i n s i c  p a t h w a y  o p e r a t i v e  w h e n
coagu ra t i cn  i s  s ta r ted  by  con tac t  o f  b l ood  v r i t h  g lass  o r
o the r  f o re ign  su r faces ,  and  the  ex t r i ns i c  pa thway  t r i gge red
by  the  add i t i on  o f  t i s sue  th rombop las t i n .  r n  bo th  cases ,
ca l c i - um i s  essen t i a l .  Hoh reve r ,  t hese  s tanda rd  schenes  o f
b lood  coagu la t i on  p roposed  fo r  i n  v i t r o  s i t ua t i ons  w i ] l  no t
necessa r i r y  app l y  i n  v i vo .  Thus  sone  ques t i ons  f rom the
patho-physio logy of  brood coagulat ion renain even today
w i thou t  answer ,  e .g . :  How to  exp la in  t he  i r npo r tance  o f  t he
int r ins ic  pathrday in  v ivo in  the obvious absence of  fore ign
sur faces? or :  why do haenophi l iacs breed whereas the proband
o f  Fac to r  X I f  de f i c i ency ,  Mr .  Hageman  had  no  b leed ing
problems and d ied of  thrombosis? or :  Why is  i t  that  hepar in
hardry in f ruences the thromboprast in  t ime and in the same
concentrat ion has a marked inf ruence both on the thrombin
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t i ne  and  the  ac t i va ted  pa r t i aJ .  t h rombop las t i n  t ime?  aga in :
Why do sone k inds of  thrombopath ies show c lot t ing d isorders
whereas  n ' r s t  do  no t?  and :  How to  exp la in  t he  o r i g i n  o f  ea r l y
t races of  thronbin necessary to act ivate pactors V and VI I I?
The answer to these quest i .ons does not  readi ly  fo l low f rom
t h e  c l . a s s i c a l  c o a g u l a t i o n  s c h e n e s .  O t h e r  i n t e r a c t i o n s
between the c lot t ing factors nust  ex is t .  In  the course of
the years f iany accessory react ions,  not  featur ing in  the
c lass i ca l  sche - res  ( " c ross  reac t i onsn )  have  been  demons t ra ted
to  be  poss ib le  i n  v i t r o  bu t  i t  r ema ins  d i f f i cu l t  t o  see
which of  them are of  inpor tance in v ivo and which are not .
A l ready  i n  L976 ,  Hu r Ie t -B i r k  Jensen ,  Josso  and  B€gu in
produced evidence for  thrornbin format i .on in  the very ear ly
stage of  haenostasis  before c lot t ing occurred.  This was done
by neans of  the measurenent  of  the act ivat ion of  factors V
and VI I I  in  the b lood f lowing f rom a wound in normal  and
congen i ta l l y  de f i c i en t  sub jec t s .  Th i s  t ype  o f  expe r imen ts
requires the presence of  pat ients i -n the ) .aboratory,  because
the  ac t i va t i on  o f  t he  f ac to rs  i s  no t  s tab le  and  d i f f i cu l t  t o
quant i fy  i f  the determinat ions are not  carr ied out  imnedi .a-
te ly .  This  is  one example of  the import .ance of  c lose col la-
borat ion between the cr in ics and the research laboratory for
t h e  s t u d y  o f  h a e m o s t a s  i s  a n d  t h r o m b o s  i s .  T h e  o l d e r
l i t e r a t u r e  a b o u n d s  w i t h  m o r e  e x a n p l e s  b u t  e v e n  t o d a y ,
p a t i e n t s  l i k e  t h o s e  e x i b i t i n g  a b n o r m a l  p r o t h r o m b i n
(prothronbin Metz,  prothrornbin Barcelona) ,  abnorrnal  ant i -
thrombin f I I  (AT I I I  A19er)  or  the Scot t  thronbopathy show
that  the exper inents of  nature,  that  can be found by
a t ten t i ve  phys i c i ans  among  the  pa t i en t s  unde r  t he i r  ca re ,
are never  to be neglected.  In  general ,  the (patho)physio logy
of  haenostasis  and thrombosis has a wider  scope than the
s tudy  o f  i n te rac t i ons  o f  i so la ted  coagu la t i on  f ac to rs .  Th i s
has to be kept  in  mind whi . le  reading a rev iew on coagulat ion
b  i ochemis t r y .
The basis  of  the physio logy of  the coagulat ion \dere
establ ished in the second par t  of  XIXth century.  Af ter  the
d  i s c o v e r y  o f  t b r o m b i n  (  B u c h a n a n  I B 3 6 - 1 9 4 5 ,  S c h n i d t
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l 8 6 I - 1 8 9 2 )  t h e  d e f i n i t i o n  o f  f i b r j n o g e n  ( V i r c h o w  I 8 5 6 ;  D e n i g
1 8 5 9 )  a n d  i t s  i s o l a t i o n  b y  H a m n e r s t e n  ( I 9 7 6 - I g g 0 ) ,  t h e
demonstrat ion of  the important  rore cf  caLci . rm in coagula_
t ion (Ar thus and pages r89, . ,  )  and f  i .narry the d iscorrery qf
"p ro th romb in "  by  peke lha r i ng  i n  f 995 ,  L ro raw i t z  i n  r90s
proposed the f i rs t  coherent  model  of  coagulat ion,  which wi l l
then be mainta ined dur ing some for ty  years.  In  1940 Seegess,
pur i f ied 
"prothrombin"  (  i .e .  what  is  nohr  known to be a
n i x tu re  o f  t he  f ac to rs  I f ,  V I I ,  IX  and  X ) .  Th i s  op .ened  the
e ra  o f  modern  b iochemica l  coagu la t i o i  r esea rch .  ye t ,  s t i l l
in  1947,  only  tno prote ins of  coagulac ion urere suf f  ic i .entry
def ined:  f ibr inogen and prothrornbin.  In  that  year  Owren
p u b l i s h e d  h i s  s t u d y  o n  F a c t o r  V  ( p ! " o a c c € l e r i n ) .
concorni tant ly  owren created a nethodorogy which arrowed the
d i scove r i ng  o f  t en  c l o t t i ng  f ac to rs .  I n  1964 ,  t he  hypo thes i s
of  a "cascade'  of  enzymat ic  react ions was advanced by Mac
Farrane.  This was the t r igger  for  many enzyme mechanist ic
s tud ies  t ha t  l ed  t o  t he  es tab l i shmen t  o f  a  reac t i on  sesuence
tha t  we  w i l l  d i scuss  now.
A. THE CLASSTCAL COAGUIATION MECHANISM.
I .  Ac t i va t i on  bv  l i n i t ed  p ro teo l vs i s .
The mechanisn of  act ivat . ion by l in i ted proteolys is  is
centra l  in  the bLood coagulat ion react ion sequence.
S t u d i e s  o n  d i g e s t i v e  p r o t e o l y t i c  e n z y m e s  ( ( c h y n o ) -
t r y p s i n ,  p e p s i n  e t c )  a n d  t h e i r  z y m o g e n s  h a v e  m a d e
proenzyme-t enzyne conversi-ons of proteolytic enzf/mes
one of  the main subjects of  c lasst ica l  enzyzmology (  l r2 l  .
The main chain of  t issue thromboplast in  induced proteo-
l y t i c  ac t i va t i ons  i n  b lood  i s :  *
VII --__) X _--+ II
For  i n t r i ns i c  coagu la t i on  t he  rna in  cha in  o f  ac t i va t i ons
i s  ( 3 ) :
pK - - - - )  X I I  -+  X I_+IX_-+  X __-+ I I
.&,,
{G"i
*r
,*F.
,&..
.*..
:-
:
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AII  the non-act ivated c lot t ing factors par t ic ipat ing in
these chains are proenzynes of  ser ine proteases,  the
act ivated enzymes consequent ly  are ser ine proteases.
I le terogenous b iocata lvs is .
The proteolytic activations shown above can be obtained
when the nolecules encounter  in  f ree aqueous solut ion.
They are accelerated up to 100.000 fo ld however by the
p r e s e n c e  o f  a  p h o s p h o l i p i d  i . n t e r f a c e  a n d  s p e c i f i c
prote in cofactors.  To i l lust rate th is  mechanisn we wi l l
take the act ivat ion of  prothronbin as an exanrple.  Factor
X" is capable to generate thrombin from prothronbin in
f ree solut ion,  but  only  in  a very inef fect ive rnechanism
(4 r5 r5 ) .  Hanahan  C  eapahad jopou los  (7 )  we re  t he  f i r s t  t o
observe that  an act ive prothronbinase exis ts  only  in
preparat ions that  conta in the three components FXa,  FV
and  phospho l i p i d .  (The  ques t i on  o f  f ac to r  V  ac t i va t i on
w i l l  be  d i scussed  l a te r ) .  Henke r  e t  a l  ( 8 )  showed  tha t
the generat ion of  prothrombinase act iv i ty  can be des-
cr ibed as the revers ib le format ion of  a complex of  FX.r
FV and phosphol ip id.  In  a ser ies of  very e legant  exper i -
ments Rosing et  a l  (9)  la ter  showed that  phosphol ip ids
dimin ish the K^ for  prot ,hronbin
*  Footnote:
Arrows indicate act ivat ion steps,  double
m u t u a l  a c t  i v a t  i o n .  B r a c k e t s  i n d  f c a t e
conplexes.
PK  =  P reka l l i k re in ,  TF  =  T i ssue  Fac to r ,
pho l  i p i ds .
Roman numerals indicate t .he factors.  f I  =
arrohls mean
m u l t i e n z y m e
PL = Phos-
prothromb in.
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c o n v e r s i o n  (  a
whereas  Fac tor
1 0 0 0  f o l d .
t yp i ca l  change  wou ld  be  f rom 3000  n t t  
- t o  30  ng t
V "  i nc reases  the  tu rnove r  number  ( kca t )  abou ,
Fu r the i '  i nves t i _oa t i ons  (9 -16  )  showed  tha t  t he  ch . l nge  i . n  ! .
i s  caused  by  t he  fac t  t ha t  t he  l i p i d  bound  enzyme has
h ighe r  a f f i n i t y  f o r  t he  subs t ra te  t hen  the  f ree  enzyme ha .
The  change  i n  k . . t  i s  p robab l y  b rough t  abou t  by  an  a l i gnnen t
o f  t he  ac t i - ve -s i t e  o f  Fac to r  xa  t o  t he  vu lne rab le  s i t e : ;  o i
Fac to r  r r  caused  by  t he i r  mu tua l  i n te rac t i on  w i th  Fac to r  va .
rn  1967  Henke r  and  Kahn  ( r7 )  f ound  tha t  t he  Fac to r  x
ac t i va t i ng  enzvme i s  a  comp lex  o f  t he  Fac to rs  v r r ra  and  r xu
and phosphol ip id,  conplete ly  comparable to the prothrombi_
nase  comp lex .  La te r ,  van  O ie i j en  e t  a I  ( l g )  showed  tha t  i n
th i s  comp lex  t he  k ine t i c  e f f ec t s  o f  phospho l i p i ds  (on  K . )
and  Fac to r  V l f f a  (on  kca t )  we re  s im i l a r  t o  t hose  o f  phospho_
I ip id and Factor  Vu in the prothrombinase complexj  Apart
f r on  the i r  k i ne t i c  e f f ec t  on  kca t ,  t he  f ac to rs  Vu  and  V I I I a
a l so  se rve  to  be t te r  b ind  the i r  r espec t i . ve  enz l rmes  (  FX .  and
F I x a )  t o  p h o s p h o l i p i d  ( l 9 , 2 0 ) .
T h e  a v a i l a b l e  d a t a ,  p r i m a r i l y  t h o s e  c o m i n g  f r o m  t h e
labo ra to ry  o f  Ne rne rson  (2 r )  i nd i ca te  c l ea r l y  t ha t  Fac to r  v r r
and t issue thromboplast in  forn a conplex that  is  agai -n
co rnpa rab le  t o  p ro th romb inase .  rn  t h i s  case  the  p ro te in
co fac to r  and  the  phospho l i p i d  a re  i n t ima te l y  bound  bu t  t he
mechan is t i c  ro le  o f  t he  p ro te in  co fac to r r  l i ke  Fac to r  va ,
seems to be to enhance the ef f ic iency of  the enzyme whereas
the  l i p i d  se rves  to  boos te r  t he  a f f i n i t y  f o r  t he  subs t ra te .
The  mos t  obv ious  d i f f e rence  w i th  t he  o the r  conp lexes  res ides
in  t he  fac t  t ha t  t i s sue  th rombopras t i n  does  no t  a r i se  f r om
an on the spot  conbinat ion of  the 
tprote in 
cofactor  and the
l i p i d  bu t  i s  a  t i gh t  l i pop ro te in  comp lex ,  shed  as  such  by
wounded cel rs .  we wi l r  not  enrarge upon the sur face reac-
t i ons  and  co fac to rs  o f  con tac t  ac t i va t i on  he re  f o r  reasons
tha t  w i l l  be  d i scussed  ta te r .
we can summarize the react i .ons of  the c lass ical  coagura-
t i on  pa thways  as  f o l l ows :
87
, 6
'ff
#
ry
t r ins ic  Pathway:
( V f I ,  T . F .  '  P L )  
- +  ( X ,  V a ,  P L )  - - - - - - - )  I I
In t r ins ic  PathwaY:
pK 
.- 
XII --+ XI ---+ ( IX, VIIIa, PL) ---r (X, Va, pt) --------+ II
3 .  L i n i t a t i on  o f  t h ronb in  f o rna t i on
An overv ier .  o f  the coagulat ion react ions is  not  complete
i f  no account  is  g iven of  the way in which thrornbin
format ion is  l i rn i ted.  Apart  f rom the t r iv ia l  possib i l i ty
o f  subs t ra te  exhaus t i on ,  more  o f t en  then  no t  s i . I en t l y
a s s u m e d  t o  b e  t h e  c l o t t i n g  d e l  i m i t e r  i _ n  t h e  o l d e r
l i terature,  there are two main mechanisms to be con-
s ide red :  scaven ing  o f  coagu la t i on  p ro teases  by  an t i -
t h romb in  I I I ,C ( rMac rog lobu l i n  and  o the r  an t i p ro teases
(0 ( l an t i t r yps in )  ( see  re f .  22  f o r  a  rev iew)  and  b reakdown
o f  t he  p ro te in  co fac to rs  (FVa  and  -FV I I I " )  by  ac t i va ted
p ro te in  C  ( t oge the r  w i t h  p ro te in  S )  (23 ,241 .  p ro te in  C
and  p ro te in  S  a re  v i t am in  K  dependen t  p ro te ins  c i r cu la -
t i ng  i . n  t he  p lasma ,  (25 r261 .  P ro te in  C  i s  ac t i va ted  by
t h r o n b i n  a d s o r b e d  o n t o  t h r o m b o n o d u l i n  ( 2 7 1 .  B e c a u s e
thrombomodul in  occurs at  the sur face of  in tact  endo-
t h e l i u m  t h i s  m e c h a n i s m  n a y  h e l p  t o  l i m i t  t h r o m b i n
format ion to wounded areas.
Among the ant i -proteases,  AT I I I  i .s  ext remely inpor tant
because of  the fact  that  i ts  act iv i ty  can be enhanced by
hepa r i ns  (28 -30 )  wh i ch  makes  i t  t he  l eve r  on  wh ich  th i s
inpor tant  fami ly  of  ant i thrombot ic  drugs acts.
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B. FEEDBACK REACTIONS
l .  A c t i v a t i o n  o f factors '/ and \.:_ II by ti.:ornbin.
r t  has been shown that  both Factor  vr r r  and Factor  V have
to be act ivated before they can p lay thei r  ro le as a
prote in cofactor ,  and that  thrombin is  the enzlzme that
b r i n g s  a b o u t  t h e s e  a c t i v a t i . o n s  (  3 l - 3 4  ) .
T h r o m b i n - a c t i v a t e d  F a c t o r  v  ( F . v a )  i n  a  p u r i f i e d  s t : : e ,
w h e n  k e p t  u n d e r  t h e  r i g h t  c o n d i . t i . o n s  i s  r e l a t i v e l y
s tabLe .  The  ac t i ve  s ta te  o f  f ac to r  v r r r  aLways  seems  to
be  a  t r ans ien t  phenonenon ,  end ing  i n  i nac t i va t i on .  The
act ivat ion of  Factor  v  has been descr ibed in terms of
prote in chemist ry .  The s ingle chain rnorecule of  Factor  v
is  creaved in three p laces by thrombin and two of  the
four  resul t ing f ragments recombi .ne under the in f ruence of
ca++ to form Factor  va.  The mode of  in teract ion between
Factor  vr r r  and thrombi .n probably is  a s in i rar  process
(35 ) .  r t  has  been  desc r i bed  tha t  i n  a  human  sys tem Fac to r
X a  c a n  a c t i v a t e  F a c t o r  V I I I  ( 3 b ) .
A t  t h i s  momen t  i t  i s  es tab l i shed  beyond  any  reasonab re
doub t  t ha t  ac t i va t i on  o f  t he  pac to rs  V  and  V I I I  i s
ob l i ga to ry  f o r  t he i r  t ak ing  pa r t  i n  t he  coagu la t i on
mechanism. This does not  mean however that  we know wether
these react ions are physio logical ly  inpor tant .  To be nore
exac t :  i t  i s  essen t i a l  t o  kno r , ,  we the r  t hese  ac t i va t  i ons
p lay  a  ra te  l i r n i - t i ng  ro re  unde r  phys io rog i ca r  cond i  _ i ons
and what  the physio logical  act ivator  is .  From the work of
Hu r l e t  e t  a l  ( 37 )  i t  r nay  be  conc luded  tha t  t he  ac t i va t i o r ,
of  v  and vrr r  does occur  in  v ivot  in  the t ime course of
normaL haenostasis .  An aberrant  prothrombin that  possibry
y ie lds a thrombi .n incapable of  act ivat ing Factor  V,
p ro th ronb i . n  Me tz  (  38 ,39  )  causes  a  rn i l d  b leed ing  d i so rde r .
R e c e n  t  r e s u L  t s  o b t a  i n e d  b y  t h e  a u t h o r s  a n d  t o  b e
pub l i shed  e l sewhere  i nd i ca te  t he  feedbacks  ac t i va t i on  o f
f ac to r  V I I I  i s  r a te  I i r n i t i ng  i n  t he  i n t r i - ns i c  pa thways ,
wheras  tha t  o f  f ac to r  V  i s  no t .
::r
tat
2 .  Ac t i va t i on  o f  p l a te le t s  by  t h ronb in .
T h r o n b i n  i s  t h e  m o s t  p o t e n t  p h y s i o l o g i c a l  p l a t e l e t
a c t i v a t o r  k n o w n  ( 4 0 ) ,  a  c o n c e n t r a t i o n  o f  0 . 1  t o  I . 0  n M
wi l l  su f f i ce  t o  t r i gge r  a  ha l f  max ima l  re lease  reac t i on .
AI1 other  act ivators of  human plate lets  need concentra-
t ions that  are one or  more orders of  rnagni tude h igher  i f
they are t,o cause the same response.
Among the prote ins re leased by p late leEs are Factor  V and
hepa r in  neu t raL i z i ng  p ro te ins  (p la te le t  f ac to r  4 ) .  The
amount  of  Factor  V seguestered in  the p late lets  is
roughly 20t  of  the anount  present  in  the p lasrna (41) .
Th romb in ,  t ha t  causes  the  re lease  reac t i on  w i l l  a l so
act ivate the re leased Factor  V.  I t  has been shown that
th i s  ac t i va t i on  ra the r  t hen  the  re lease  reac t i on  i , t se l f
is  the rate l imi t ing factor  for  the generat ion of  Factor
V  ac t i v i t y  f r on  t r i gge red  p la te le t s  (421 .  The  concen -
t rat ion of  Factor  V in  p late let  poor  p lasma i .s  about  25
nM whereas that  of  i ts  par tner ,  Factor  X is  around 200
nM.  Th i s  may  l ead  one  to  t h i nk  t ha t  t he  con t r i bu t i on  o f
p late let  Factor  V nay be important  in  v ivo.  The aggrega-
t ion of  p late lets  at  s i tes where the hemostat ic  nechanism
is  ac t i ve  w i . I l  cause  a  f u r t he r  i nc rease  i n  t he  ra t i o  o f
p la te le t -Fac to r  V  to  p lasma- fac to r  V .  S t i l l  pa t i en t s  w i t h
a storage pool  def ic i .ency that  are unable to re lease
Factor  V f rom thei . r  p late lets  do not  have an inpor tant
heno r rhag i c  d i . a thes i s  (43 ) .  I t  seems  tha t  on l y  pa t i en t s
Iacking Factor V in both platelets and plasma do show a
hemor rhag i c  synd rome  (44 ) .  Th i s  rnay  be  exp la ined  by  t he
general ly  recognized fact  that  the normal  level  of  any
clot t ing factor  represents a large funct i -onal  excess.  As
a ru le the leve1 of  any c lot t ing factor  must  drop
signi f icant ly  below IOt  before a decrease of  the c lot , t ing
funct ion becomes apparent .
A second procoagulant  funct ion of  p late lets  induced by
t h r o n b i n  t o g e t h e r  w i t h  c o l L a g e n  i s  t h e  p l a t e l e t
" f l i p - f l op "  reac t i - on  d i scove red  by  Beve rs  e t  a l .  ( 45 ) .
Th is  reac t i on  cons i s t s  o f  a  t r ansb i l aye r  movemen t  o f  t he
p rocoagu ran t ,  nega t i ve l y  cha rged  phospho l i p i . ds  (p r imar i r y
phosphat idy l  ser ine )  t t rat  as a ru le are to be found
a l m o s t  e x c l u s i v e l y  a t  t h e  i n n e r  f a c e  o f  t h e  c e l l
menbrane .  I n  t he  p resence  o f  co l l agen  and  th romb in ,
p late lets  produce these procoaguJ-ant  phosphol ip ids at  the
ou ts ide  o f  t he  ce l l  w i t hou t  t he  ce l l  be ing  d i s rup ted .  The
p rec i se  mo lecu la r  mechan i sm o f  t h i s  reac t i on  i s  no t  y ,?1
c lea r .  Anyhow,  p la te le t s  t hus  ac t i va ted ,  o f f e r  I a rge
amoun ts  o f  b i nd ing  s i t es  f o r  t he  Fac to rs  IX " r  V I I f a ,  Xa
and vu at  thei r  outer  sur face so that  prothrombinase and
the Factor  X act ivat ing enzlme can readi ly  form there.
O n e  p a t i e n t  ( M r s .  S c o t t ,  U S A )  h a s  b e e n  d e s c r i b e d  i n  w h i c h
th i s  mechan i sm i s  de fec t i ve r  she  su f fe rs  f r om a  n i rd
h a e m o r r h a g i c  d i a t h e s i s  c o n s e q u e n t l y  k n o w n  a s  S c o t t s
syndrome
I t  has  been  repo r ted  tha t  co l l agen_ac t i va ted  p la te le t s
can  s ta r t  coagu la t i on  v i a  a  Fac to r  x r  dependen t  mechan i sm
and  tha t  ADp  ac t i va t i on  o f  p l a te le t s  t r i gge rs  coagu la t i on
v i a  F a c t o r  X I I  ( 4 i ) .  T h e s e  f i n d i n g s  r e m a i n  t o  b e  c o n _
f  i rmed .  The  rec , . . n t  obse rva t i on  t ha t  p ra te le t s  re rease  a
po ten t  i nh ib i t o r  o f  Fac to r  x r " ,  so  t . ha t  Fac to r  r x  ac t i va -
t i on  by  Fac to r  X I "  ha rd l y  p roceeds  i n  t he  p resence  o f
ac t i va ted  p la te le t s  (4S1  makes  one  doub t  t he  impor tance
o f  con tac t .  ac t i va t i on  f o r  i n  v i vo  t h ro rnb i . n  gene ra t i on .
The Josso loop.
In  t he  c lass i ca l  v i ew ,  con tac t  f ac to rs  and  an t i hemoph i l i c
factors forrn the in t r ins ic  pathway of  thrombin format ion
and the importance of  the rore of  the contact  factors is
der ived f rom the recognized importance of  the ant ihemo-
ph i l i c  f ac to rs .  The  ac t i va t i - ng  ac t i on  o f  Fac to r  v r r  on
F a c t o r  r x  i n v a r i d a t e s  t h i s  a r g u m e n t .  T h e  f i r s t  i n d i c a -
t i ons  t ha t  t he  ac t i on  o f  t he  an t i hemoph i l i c  f ac to rs(  FV I I I  and  F IX  )  i s  no t  con f i ned  to  t he  coagu la t i on
pathway star ted by the contact  factors were obta ined bv
J
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Biggs  and  Nosse l  (  49  )  .  Josso  (  50  )  was  the  f i r s t  t o
pos tu la te  t ha t  Fac to r  v I I  can  ac t i va te  Fac to r  I x  so  t ha t
the ant ihemophi l ic  factors ptay a ro le in  thronboplast in
t r iggered coagulat i . '  n .  This  means that  Factor  X can be
ac t i va ted  e i t he r  d i  c t l y  by  Fac to r  V I f  and  t i ssue
thronboPlast in  or  : rd i rect ly  by Factor  IXa ( together  wi th
Fac to r  v I I I a )  t ha t ,  i n  i t s  t u rn  has  been  ac t i va ted  by
Factor  VI I  (  see f iS.  I  )  .  I t  is  easy to see that  the
funct ion of  th is  pathway wi l l  anyhow be dependent  upon
the amount  of  thromboplast in  avai lable.  The cont . r ibut ion
o f  t he  d i rec t ,  one -s tep  ac t i on  o f  Fac to r  V f Ia  on  Fac to r
X.  forrnat ion wi l l  be constant  in  t ime and roughly ProPor-
t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  t h r o m b o P l a s t i n '  T h e
contr ibut ion v ia the pathway VI I  - - t  IX
sma l l  i n  t he  beg inn ing  o f  t he  reac t i on  bu t  w i I I  i nc rease
proport ional ly  wi th t ime as the Factor  X act ivat ing
e n z y m e  ( i . e .  F a c t o r  I x a )  b u i l d s  u p .  T h e r e f o r e  t h e
r e i n f o r c e m e n t  l o o p  c o n s t i t u t e d  b y  t h e  a n t i h e n o p h i l i c
f ,actors -  which we proposed to caI I  the Josso loop af ter
i . t s  d i scove re r  (  50  )  -  w i l l  ga in  i n  impor tance  when
c lo t t i ng  i s  s ta r ted  by  sma l l e r  amoun ts  o f  t h rombop las t i n .
The ear ly  observat ions on the in terconnect ions bet l teen
the  ex t r i ns i c  and  the  i n t r i ns i c  pa thway  d id  no t  ge t  t he
at tent ion the ' l  deserved unt i l  osterud and RappaPort  drew
at tent ion to the fact  that  the Factor  v I I -  thronboplast in
cornplex is  capable of  act ivat ing Factor  IX i -n a par t ia l ly
pu r i f i ed  sys tem (5 f ) .  La te r  Zu r  and  Nemerson  (521  Jes ty
a n d  S i l v e r b e r S  (  5 3  )  a n d  M a r I a r  a n d  G r i f f i n  (  5 4  )
establ ished th is  pathhtay wi thout  any reasonable doubt '
T h e  p h y s i o l o g i c a l  i m p o r t a n c e  o f  t h e  J o s s o  l o o p  i s
d i f f i cu l t  t o  asce r ta in  because  o f  t he  t h ronbop las t i n
d e p e n d e n t  a n d  h e n c e  t i m e  d e p e n d e n t  e f f e c t  d i s c u s s e d
above.  I t  is  tempt ing to use the Josso- Ioop mechanisrn as
a  ten t ,a t i ve  exp lana t i on  f o r  t he  c l i n i ca l  obse rva t i on  t ha t
hernophi l iacs tend to b leed in thromboplast in  poor  organs
such  as  j o i n t s ,  bu t  t h i s  can  ha rd l y  be  accep ted  as  a
p r o o f  o f  i t s  i m p o r t a n c e .  J e s t y  a n d  S t l v e r b e r q  (  5 3  )
calculate that  the act ivat i .on of  Factor  X by Factor  VI I
is  6 to 7 t ines faster  than the act ivat ion of  Fact" ,  ; ; :
zur  and Nemerson (521 f ind a rat io  of  l0  of  the theore_
t i ca l  max ina r .  ve loc i t i es  bu t  a rgue  tha t  t he  ac tua r  ra t i o
wi.II be cornpletely dependent upon the thronboplastin
concen t ra t i on .  Van  de  Besse laa r  e t  a l .  ( 55 )  conc lude  f rom
observat ions in  def ic ient  human plasmas that  the Josso
loop may be of  no importance in human plasma. cre; r r ry  the
issue is  not  set t red as yet-  Recent  unpubr isehc work f ror .
the present  authors demonstrates that  at  10w concenta-
t ions of  t issue thronboplast in  the Josso 100p ccr t r i .butes
signi f icant ly  to  thrombin generat ion in  whole p lasma.
Ka lousek  e t  a l .  ( 56 )  have  repo r ted  tha t  Fac to r  X  i s  ab le
to act ivate Factor  rx .  This  would const i tu te a mutuar
a c t i v a t i o n  i n t e r a c t i o n  t h a t  c o u r d  e n h a n c e  F a c t o r  x
act ivat i 'on even wi thout  act ivat ion of  Factor  rx  by Factor
vrr '  Thei r  exper iments have been carr ied out  in  pur i f ied
systems that  d id not  conta in prote in cofactors (  F.v anf
F .  V I I I  ) .  A n y  i n d i . c a t i o n  a s  t o  t h e  p h y s i o l o g i c a l
s i gn i f i cance  o f  t h i s  i n te rac t i on  i s  l ack ing  a t  t h i s
moment.
4 .  A c t i v a t i o n  o f  F a c t o r  V I I .
The current  v iew on the star t ing mechanism of  coagulat ion
is  based on the observat ion that .  the proenz! 'ne Factor  vr r
has  a  non -neg lec t i b l e  enzymat i c  ac t i v iEy  (57 r5g ) .  once  i t
adsorbes onto t issue thrornboplast in ,  the act iv i ty  of
Factor  vr r  is  enhanced so as to become suf f ic ient ly  im-
por tant  to  s tar t  the crot t ing procEss.  r t  has been obser-
ved however that  there ex is ts  a more act ive forn of
Factor  VI I ,  the two chain Factor  VI fa.  This forn can begenerated f rom the one chain form in a number of  d i f fer-
en t  ways .  A I tman  and  Hemker  (59 )  showed ,  as  ea r l y  as
L957,  that  the contact  act ivat ion nechanism can enhance
Fac to r  v r r  ac t i v i t y  i n  v i t r o .  The  co ld  ac t i va t i . on  o f
Fac to r  v r r ,  i nvo rv ing  ka r l i k re in  and  d i f f e ren t  o the r
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pro te ins  has  been  we lL  es tab l i - shed .  I t  has  a l so  been
descr ibed that  Factor  VI I  can be act ivated by Factor  IXa
and  by  Fac to r  Xa  (60 r61 ) .  A  ve ry  i n te res t i ng  sugges t i on
i s  made  by  S i l ve rbe rg  and  Jes ty  (621 ,  when  they  c la im
that  a conplex of  Factor  VI I ,  t issue thromboplast in  and
FacEor X" in  the proteolyt ica l ly  act ive species.
I f  anywhere,  then i t  is  at  the level  of  the act ivat ion of
Factor  VI I  that  every conceivable rec iprocal  in teract ion
o f  c l o t t i n g  f a c t o r s  h a s  b e e n  d e s c r i b e d  w h e r e a s  a n y
indicat ion of  thei r  physio logical  importance is  1acking.
I t  is  ev ident  that  a l l  b iochemical  observat ions do not
necessar i ly  represent  react ions that  p lay a ro le in
(pa tho )  phys io logy .  Th i s  be ing  sa id ,  i t  mus t  a l so  be
rnent ioned that  of ten conclus ions are drawn too quick ly
f rom c l in ica l  observat ions.  Tradi . t ion has i t  that  the
scarce observat ions of  a Factor  VI I  def i -c iency or  of  any
other  rare c lot t ing factor  def ic iency provoke specula-
t ions as to the physio logical  inpor tance of  a def ic iency,
of  that  speci f ic  factor .  Now some observe a low Factor
V I I  l eve l  (  <5 t )  w i t hou t  c l i n i ca l  s lmp toms  whereas  o the rs
f ind these pat ients severely  handicapped.  The sane holds
for  Factor  XI  def ic iencies and others.  In  t ry ing to
i n t e r p r e t e  t h e s e  d a t a  o n e  s h o u l d  b e  a w a r e  o f  t h e
fo l l ow ing :
a)  Any real ly  important  b leeding syndrome wi l l  lead to
death e i ther  before or  shor t ly  af ter  b i r th .  Only the
re lat i .ve ly  mi ld syndrornes surv ive.  We remind of  the
ana logy  i n  t h romboph i l i a :  AT  I I I  and  p ro te in  C  de f i c i en -
c ies are very rare ly  seen in the homozygous states,
probably because complete def ic iencies are le thal  to  the
foe tus .
b )  Any  de f i c i ency  tha t  does  no t  l ead  to  a  c l i n i ca l l y
important  syndrome wiL l  more of ten then not  go unnot iced.
I t  must  be kept  in  n ind that  the physio logical  levels  of
c l o t t i ng  f ac to rs  as  a  ru le  rep resen t  a  l a rge  excess  o f
that  factor  so that  a decrease to as low as sa lOt  of  the
normal  level  wi l l  not  cause any over t  d isease.  The number
l
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o f  de f i . c i enc ies  t ha t  a re  recogn i zed  no t  t o  cause*p rob rens  {
w i r l  t he re fo re  depend  on  chance  f i nd ings  and  hence  be  j
unde r -es r ima ted .  Th i s  i s  i l l us t ra ted  by  t he  fac t  t ha t
t hese  d i so rde rs  t end  to  c rus te r  a round  rabo ra to r i es  t ha t
specia l ize in  research on the b lood coagurat ion and that
a re  backed  up  by  compe ten t  cL in i c i ans .  we  thus  see  tha t
n e i t h e r  t h e  r e a l r y  i n p o r t a n t  d e f i c i e n c i . e s  n o r  t h o s , ,
w i t hou t  any  c r i - n i ca r  conseguences  w i l t  be  recogn i zed  i n
rout i .ne ,xeci  ica l  pract  ice.  Theref  ore i t  is  very hard _ i f
not  impossi .b le -  to  draw concrusions on the mechanisn of
t h e  b r o o d  c o a g u l a t i o n  p r o c e s s  f r o r n  t h e  c o r r e r a t i o n
bet l reen observed cr in ica l  s lmptons and the accompanying
c lo t t i ng  f ac to r  de f i c i enc ies .
5.  INHIBITORY FEEDBACK REACTIONS
one may th ink of  severar  crossr inks between the reactrons
tha t  i nh i -b i t  t he  c l o t t i ng  p rocess  and  those  tha t  enhance
th t  rmb in  f o rma t i on .
The ihrorr : : in  feedback react ions p lay an important  ro le
he re .  As  rde  have  d i scussed  be fo re ,  t h romb in  w i l r  enhance
i ts  own format ion by act i -vat ing the factors v  and Vrrr  as
we l l  as  p la ieJ .e t s .  Any  i nh ib i . t i on  o f  t h romb in  f o rna t i . on
and  any  reac t .on  tha t  i nac t i va tes  t h r l r : r i r .  t he re fo re  w i r l
i n te r fe re  w i t h  t h i s  pos i t i ve  f eedback .  The  i n te res t i ng
quest ion rernains i -n howfar  ant i thrombin r r r  inh ib i ts
thrombin forrnat ion because i t  modurates the extend of
ac t i . va t i on  o f  Fac to r  V  o r  Fac to r  V I f I  e t c .  We  recen t l y
showed  tha t  t h i s  nechan i sm i s  ope ra t i ve  i n  t he  i n t r i ns i c
sys tem (unpub l i shed ) .  Because  hepa r i n  ac t s  v i a  an t i t h rom_
b in  I I f ,  t h i s  means  tha t  hepa r i n  i n f l uences  fac to r  V f I f
dependent  coagulat ion pathways indi rect ly  by inhib i t ing
the feedback act ivat ion of  factor  VI I I .  pentosan poly_
su rpha te ,  a  hepa r i n l i ke  d rug ,  ac t s  by  d i rec t  i nh ib i t i on
o f  f a c t o r  V I I f  a c t i v a t i o n  ( W a g e n v o o r d  e t  a I . ,  u n _
pub r i shed ) .  A rso  d i rn inu t i on  o f  t he  ava i rab re  amoun t  o f
t h romb in  w iL r -  cause  a  dec reased  ra te  o f  ac t i va t i on  o f
prote in C and therefore pro long the mean l i fe t ime of  the
prothrombin and F : tor  X act ivat ing complexes '  Again no
quant i ta t ive date ' r re avai labie that  a l low an est imate of
the inpor tan;e of  th is  conceivable pathway'
In the second Plcxce one has to reckon vtith comPetit ion
for  c lot t ing Protea565 :etwe€n Procoagulant  complexes and
protease scavenqers.  Here mrcre data are avai lable '  I t  has
been  obse rved  fo r  i ns tance  (63 '64 )  t ha t  an t i t h romb in  r I I
r esu l t s ) .  wha t  ho lds  f o r  Fac to r  X .  and  an t i t h romb i ' n  I I I '
in  pr inc ip le hotds for  a l l  sur face bound Proteases and
a I I  an t i p ro teases .  L ip id  b ind ing  o f  Fac to r  I xa  p ro tec t s
tb is  enzyme too f ron ant i thrombin I I I -hepar in act ion '
II
F i g .  I  A  c o a g u l a t i o n  s c h e m e  f o r  1 9 8 8
The th rckness  o f  the  l ines  ind ica tes  rough ly  the
ra te  o f  the  reac t l -ons  '
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TABLE I
Abrev iat ions l, lolecular peight
k i lo  da l ton
Approx inate
in  pJ  asrna  16qs
F . X T I
F .  X I
F .  I X
F . V I I T
F "V I I
F . X
F . V
F .  I I
F . X I I I
F . I
P .  K .
HI{WK
PC
PS
P .  g e n .
A T  I I I
HC  I I
2 A P
2 A
I A T
8 0
170(d ine r )
70
200
4 s . 5
5 5
300
66
3 5 0
3 6 0
I00
200
6 0
?0 -8  5
9 2
5 5
65-70
6 5
7 5 0
5 2
1 6 0
t s 0
7 4
I
10000
l l00
3 5 0
6 6
I 3 0
t 4 0 0
2000
I  200 -4s0
9 0 0
3 5 0 0
25000
3  000
2200
6  7 0 0
Factor  x I I
Factor XI
Factor rx
Fac tor  V I I f
Fac tor  v r l
Factor X
Factor V
Factor  f I
Fac tor  X I I I
F ib r inogen
Preka l l  i k re  in
H igh  no lecu la r
we igh t  k in inogen
Pro te in  C
Pro te in  S
Plasninogen
Ant i th rombin  I I f
Heparin Co-factor I I
X  - a n t i p l a s n i n
X -macrog lobu l in
o(  -an t i t ryps in
inter-4-trypsin inh.
C-- inh ib i  tor
S-prote in
4 5 0
3 0
? 0
0 . 5 - 1
t 0
1 8 0
2 5
I  5 0 0
Table II
Thronbln concentrat lons
I  N / H  u n l t  =  O . 3 2 4  +  0 . 0 7 3  u g
I  l I /H  un i r  =  8 .85  +  2 .O l  p ] to1e
I U/nl? l0 pl{ole/ ldf f  O nMolar
I ICmA unlt = 0.93 N/H mlrs
I  WHO un l t  =  0 .56  N/H un l ts
Table II I
Heparln concent!af ions
I  U n i r *  5 . 5  u g
I  o g  2  0 . 1 8  u n i t
u . I { .  ?  l 5 . 0 O O
Unit/nl 
"4OO 
nhle/L
Ttre values dif fer frm batch to batch
Ttre nolecular welght ls a rough estLEate
of the mean molecular weight.
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